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INTRODUCTION
Selective differentiation of cells morphologically
identical with tissue mast cells at the light micro-
scope level has been described by Ginsburg and
Sachs (5) and Ginsburg and Lagunoff (4) in a
mouse tissue culture system composed of a C3H
feeder layer overplated with horse serum-sensitized
C57BI lymphoid cells. Histochemical evaluation
indicates that the granules of the tissue culture-
derived mast cells, like the granules of mast cells
from normal mouse connective tissue, contain
strongly acidic mucopolysaccharides and a chymo-
trypsin-like enzyme (4), further suggesting a
homology between the tissue culture-derived mast
cells and native mast cells . In this report, the de-
gree of homology between mast cells arising in
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lymphoid cells in tissue culture has been further
examined with the electron microscope .
The mast cell has a unique ultrastructural ap-
pearance in the rat (1) and in the mouse (vide
infra) . In the rat, the fine structure of the mast
cell has been studied with the electron microscope
in developing and in mature animals, and the
process of rat mast cell differentiation and mast
cell granule formation has been arranged into a
postulated sequence of events (1, 2) . This sequence
of developmental morphologic alterations, and the
distinctive appearance of the mature rat mast cells,
form a useful framework for the analysis of differ-
entiation of mast cells arising in mouse connective
tissue, and for comparison of these native mast
cells with tissue culture-derived mast cells.
MATERIALS AND METHODS
Mast cell cultures were obtained according to the
method of Ginsburg and Lagunoff (4) by plating
cells, teased from the pooled lymph nodes from C57B1
mice "hyperimmunized" by repeated injections of
horse serum, onto confluent monolayers derived
from minced and trypsinized C3H mouse embryos .
(Platings were done only on feeder layers judged by
microscopic examination to be confluent mono-
layers in optimal condition.) The C57B1 mice (all
males) received 0.1 ml of horse serum intraperitone-
ally every week for 6 wk. They then had routine care
until 14 days prior to sacrifice for the commence-
ment of a culture series, when they received another
0.1 ml of horse serum intraperitoneally. The C57BI
mice were then killed by cervical dislocation, and
skinned from the ventral aspect ; the lymph nodes
(easily located because of their moderate hyper-
trophy) were dissected, pooled in phosphate-buf-
fered saline at pH 7.4, teased, trypsinized, and
plated onto the feeder monolayer in a density of
1 X 104 cells in 10 ml of culture medium per 5 cm
of plastic (Falcon TC) tissue culture dish .
The combined cultures were grown initially in
Waymouth's complete medium supplemented with
10% horse serum. After the C57B1 cells were well
established (approximately 1 wk), Eagle's medium
supplemented with 10% horse serum was substituted
for Waymouth's. The culture medium was gently
aspirated and replenished every 4 days until the
cultures were harvested. In this system, mast cells
begin to appear by about 7 days in a multifocal,
clonally proliferating pattern (4) . By 40-60 days,
mast cells often covered, but did not destroy, the
feeder monolayer. For details of the percentage of
cultures producing good yields of mast cells, and the
use of antigens other than horse serum, see Ginsburg
and Lagunoff (4).
Culture specimens were harvested at 6, 12, 14,
23, 31, 45, 58, and 65 days after plating, and pre-
pared for electron microscopy by scoring the cul-
ture into equal quadrants with a fresh scalpel blade
and gently flushing the culture layer off of the plastic
dish with a small volume of tissue culture fluid . The
free quadrants of culture layer were lifted with fine
forceps. As it was lifted, the specimen rolled naturally
into an elongated cylindrical mass about 1 mm in
diameter. These "cylinders" were placed immediately
in 6% glutaraldehyde in 0 .06 M Sorensen's phosphate
buffer (final pH 7.40), to which 0.1 % wt/vol of
Alcian blue was added (1) . Fixation was carried out
in an ice bath for 4-6 hr followed by a brief rinse in
phosphate buffer and postfixation for 1 hr in 2%
osmium tetroxide in s-collidine buffer. The speci-
mens were then embedded in Epon according to
Luft (9), sectioned on the Porter-Blum microtome,
captured on unsupported 150 X 75 mesh per inch
grids, stained with uranyl acetate followed by
Millonig's lead stain (10), and examined in an RCA
EMU3G microscope.
Native mast cells were examined in tissue speci-
mens from the tails of newborn mice, and from the
tongues of nonimmunized, adult male C57B1 mice .
Tissue specimens were fixed, embedded, sectioned,
stained, and examined in the same way as the tissue
culture specimens.
OBSERVATIONS AND DISCUSSION
The details of the differentiation and maturation
of mast cells seen in electron micrographs of both
native and tissue culture specimens were morpho-
logically identical. Further, the changes in mor-
phology observed in differentiating mouse mast
cells as they accumulate increasing numbers of
recognizable mast cell granules were similar in
most respects to those previously described for the
rat mast cell (1) . This differentiation process con-
sisted of the formation and sequestration of in-
creasing numbers of the dense granules that even-
tually fill the cytoplasm of the mature mast cell .
In the description that follows, the process of dif-
ferentiation and granule formation is described
without reference to the source of the cells (native
vs. tissue culture). Formative steps are represented
by pairs of micrographs from both native tissues
(denoted by n on the micrographs) and tissue cul-
ture (noted in the figure legends for the micro-
graphs). The number of days between plating and
harvest is indicated in the legends for the micro-
graphs from tissue culture specimens.
The nuclei in the earliest recognizable mast
cells contained a variety of chromatin patterns,
probably reflecting their proliferative character
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677(1, 2). The cytoplasmic membrane system was
rudimentary in immature mast cells, except for an
abundant perinuclear Golgi apparatus. In addi-
tion to the usual smooth membrane contours, the
Golgi apparatus contained small dense "progran-
ules" (1) ranging up to about 70 mi . in diameter,
inside both bristle-coated and smooth membranes .
A few recognizable but incompletely formed mast
cell granules and mitochondria were scattered in
the peripheral cytoplasm . The ribosomal comple-
ment of the cytoplasm consisted mainly of aggre-
gates of ribosomes not associated with membranes .
The plasmalemma was relatively unspecialized but
usually displayed a few distinct, short microvilli .
Invaginations resembling "pinocytotic vesicles"
were rarely seen in native mast cells but were occa-
sionally seen in mast cells arising in tissue culture
(Fig. 1).
As the cells became more mature, the cytoplasm
contained increasing numbers of specific granules
with their limiting membranes . In intermediate
stages of development, the Golgi apparatus with
its associated progranules remained prominent,
and many of the granules appeared to be in forma-
tive stages. Maturation was completed by the
elaboration of a sufficient number of completely
condensed mast cell granules to crowd the cyto-
plasm. In the fully differentiated mast cell, the
intergranular cytoplasm contained a rare, rough
endoplasmic reticulum contour, a few mitochon-
dria, and scattered ribosomal aggregates ; the
Golgi apparatus was present, but reduced in size
(Fig. 3) .
The morphology of individual developing gran-
ules was similar in many details to that observed
in rats (1) . The process of granule formation in
mouse mast cells can be analyzed in the hypo-
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FIGURE 1 Immature mast cells from (a) newborn mouse tail, and (b) tissue culture (45 days) . The
plasmalemma has relatively few microvilli . Numerous granules in various states of accretion and conden-
sation rim the cytoplasm . Cisternae of rough endoplasmic reticulum are sparse, but the cytoplasm is
dotted with ribosomal aggregates. The Golgi apparatus is prominent and contains dense progranules in
both smooth and bristle-coated vesicles . X 12,600.
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thetical sequence previously reported for the for-
mation of rat mast cell granules (1) . Dense pro-
granules encased in vesicles appeared to form in
the Golgi apparatus. These progranules then ap-
peared to aggregate inside a single limiting mem-
brane near the Golgi apparatus, although occa-
sionally single progranules and progranular aggre-
gates were found in cytoplasm remote from the
Golgi apparatus. Inside these larger vacuoles the
progranules fused to form ropy cords and clusters
of dense material . The accretion and fusion of the
progranular material into smaller strands appeared
to occur at this stage in the rat, but in the mouse
mast cell the granule seemed merely to "condense"
to form a homogeneous, intensely osmiophilic,
spherical mass wrapped in a perigranular mem-
brane (Figs. I and 2) . Possible macromolecular
correlates of these morphologic events were re-
ported previously (1) .
In the tissue culture specimens the feeder layer
cells near mast cells were predominantly morpho-
logic analogues to the macrophages of native tis-
sues. Native mast cells, both immature and ma-
ture, were also often spatially associated with dis-
tinctive macrophages. Further, the detailed ap-
pearance of the macrophages and the character of
their apposition were strikingly similar in native
and tissue culture material (Fig . 4) . The micro-
villi of the mast cells and neighboring macro-
phages were intertwined . The cytoplasm of the
macrophages abutting mast cells contained mem-
brane-limited contours filled by aggregates
of particulate material. These macrophage
"granules" were similar to mast cell granules in
size, but contained less electron-opaque material.
In addition, the macrophage cytoplasm underlying
the zone of apposition contained irregularlyBRIEF NOTES
	
679FIGURE 2 Higher magnification of the Golgi apparatus in immature mast cells ; (a) newborn mouse tail,
and (b) tissue culture (31 days) . Progranules can be seen in association with Golgi cisternae and in bristle-
coated and smooth vesicles. Larger, more peripheral vesicles contain several progranules, apparently in
the process of accretion. X 38,000.FIGURE 3 Mature mast cells from (a) adult mouse tongue, and (b) tissue culture (45 days). Numerous
microvilli extend from the plasmalemma. Fully formed, uniformly dense granules pack the cytoplasm . The
intergranular cytoplasm is relatively unspecialized, but contains scattered rough endoplasmic reticulum,
ribosomal aggregates, and mitochondria. In native mouse tissues, mast cells are often in close association
with elements of the microcirculation and with macrophages . The Golgi apparatus, depicted in the mast
cell from tissue culture (b), is reduced in size, but contains progranules. X 7600.682shaped multivesicular bodies, large numbers of
bristle-coated vesicles of relatively uniform size
containing material of intermediate density, and
"empty" smooth membrane vesicles ranging
widely in size. Macrophages displaying this cyto-
plasmic conformation seem to be specifically asso-
ciated with mast cells in native mouse and rat
tissues.
The association of mast cells from both species
with distinctive macrophages raises the possibility
of some functional relationship reflected in the
spatial apposition of the two types of cells . Mast
cell granules have often been reported lying inside
neighboring cells of various types (12, 13), but,
except for their suggestive morphology, the gran-
ules seen in the macrophages (Fig. 4) have not
been identified as coming from mast cells . The
reports from light microscope studies of phagocy-
tosis of mast cell granules by other cell types (12)
usually involved prior degranulation of the mast
cell; no such injury to the mast cell appears in
micrographs from either native or tissue culture
specimens. If the "granules" in mast cell-associ-
ated macrophages did indeed originate in neigh-
boring mast cells, it is possible that granules were
secreted by both developing and mature mast cells.
Such a process might indicate a dynamic role for
the mast cell in normal connective tissue, as op-
posed to the widely held view that mast cells lie
dormant until an appropriate stimulus causes them
to degranulate (12) .
The development of mast cells under tissue cul-
ture conditions has also been reported by Pluznik
and Sachs, using mouse as the tissue source (10),
and Csaba and Olah, using rat thymus as tissue
source (3) . Pluznik and Sachs, after further study,
favored the view that the cells they termed "mast
cells" were actually macrophages, with cytoplas-
mic "granules" composed of phagocytosed agar
medium (3).1
I Sachs, L. and D. Lagunoff. Personal communica-
tion.
The report by Csaba and Olah, of mast cells
arising in cultured rat thymus cells, contains a
series of electron micrographs depicting what the
authors interpret as mast cell granule formation
(3). On the basis of their experiments they advance
a hypothesis that histamine and/or serotonin binds
heparin, forming the mast cell granule matrix.
The process of "mast cell granule formation" de-
picted in their micrographs in no way resembles
that seen in electron micrographs of native tissues
of the rat (1). Further, there is no resemblance
between the process of mast cell formation they
report in their culture system and the differentia-
tion of mast cells seen in native mouse tissue or
the mouse tissue culture system described in this
report. Further, there is ample evidence that
heparin is firmly bound to the protein fraction of
the granule early in granule formation, whereas
the amines are loosely associated with the sulfate
moiety of heparin late in the evolution of the
granule (5-8), casting doubt on the hypothesis
that low molecular weight amines can bind hepa-
rin into the mast cell granule.
The comparisons made in this study and the
evidence presented by Ginsburg and Lagunoff
(4) indicate that the tissue culture system described
by Ginsburg and Lagunoff produces bona fide
mast cells. Other in vitro systems reported thus
far have failed to produce cells that meet any
adequate definition of the mast cell .
SUMMARY
A mouse tissue culture system composed of anti-
gen-stimulated C57B1 lymphoid cells grown on a
feeder monolayer of C3H embryo fibroblasts pro-
duces cells identical to mast cells at the light mi-
croscope level. These tissue culture mast cells
arising in vitro were compared at the ultrastruc-
tural level with those present in newborn and adult
mouse connective tissue . The tissue culture-de-
rived and native tissue mast cells were equivalent
in all respects, including frequent association of
mast cells with a distinctive type of macrophage .
Further, the most prominent process in mast cell
FIGURE 4 Mast cells in close apposition to macrophages, from (a) adult mouse tongue, and (b) tissue
culture (31 days) . The microvilli from the two cell types are in intimate contact . The mast cell cytoplasm
is typical, but the macrophages contain a characteristic complement of smooth and bristle-coated vesicles
near the plasmalemma, and a population of membrane-limited "granules" of various density and size .
The granules in the macrophages are less dense and osmiophilic than those in the mast cells. X 20,000.
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683differentiation, i.e. granule formation, is morpho-
logically identical in tissue culture and native
mouse mast cells, and closely parallels granule
formation in rat mast cells. The detailed ultra-
structural homology between mouse mast cells in
vivo and those produced in vitro indicates that the
tissue culture system produces bona fide mast cells .
A comparison between mast cell differentiation in
the mouse and that in the rat documents the basic
similarity of the formative process of mast cells
from these two species .
Supported in part by National Institutes of Health
Grants HE03174 and CA10475.
Received for publication 8 July 1970, and in revised form
24 August 1970.
REFERENCES
1 . COMBS, J . W. 1966. Maturation of rat mast
cells : an electron microscope study. J. Cell
Biol. 41:563.
2. Comes, J. W., D. L. LAGUNOFF, and E. P. BEN-
DITT. 1965. Differentiation and proliferation
of embryonic mast cells of the rat. J. Cell
Biol. 25:592.
3. CSABA, G., and I. OLAH. 1968. Mechanism of
the formation of mast cell granules. I. Ultra-
structural and histochemical study in a model
consisting of living cells. Acta Biol. Acad. Sci.
Hung. 19 :347.
4. GINSBURG, H., and D. LAGUNOFF. 1967. The
in vitro differentiation of mast cells. Cultures
of cells from immunized mouse lymph nodes
and thoracic duct lymph on fibroblast mono-
layers. J. Cell Biol. 45:685.
5. GINSBURG, H., and L. SACHS. 1963. Formation
of pure suspensions of mast cells in tissue
culture by differentiation lymphoid cells
from mouse thymus. J. Nat. Cancer Inst.
41 :1 .
6. LAGUNOFF, D. 1966. Structural aspects of hista-
mine binding. The mast cell granule. In Mech-
anisms of Biogenic Amines . U. S. van Euler,
editor. Proceedings of an International
Wenner-Gren Center Symposium, Stockholm,
Sweden, February 1965. Pergamon Press, Ltd .
Oxford, England. 79.
7. LAGUNOFF, D ., and E. P. BENDITT. 1963. Pro-
teolytic enzymes of mast cells . Ann. N.Y.
Acad. Sci. 103:185.
8. LAGUNOFF, D., M. T. PHILLIPS, O. A. ISERI,
and E. P. BENDITT. 1964. Isolation and pre-
liminary characterization of rat mast cell
granules. Lab. Invest. 13:1331 .
9. LUFT, J. H. 1961. Improvements in epoxy resin
embedding methods. J. Biophys. Biochem.
Cytol. 4:409.
10. MILLONIG, G. A. 1961 . A modified procedure
for lead staining of thin sections . J. Biophys.
Biochem. Cytol. 11:736.
11 . PLUZNIK, D. H., and L. SACHS. 1966. The in-
duction of clones of normal mast cells by a
substance from conditioned medium. Exp.
Cell Res. 43:553.
12. RILEY, J. F. 1963. Functional significance of
histamine and heparin in tissue mast cells.
Ann. N.Y. Acad. Sci. 103:151 .
13. SELYE, H. 1965. The Mast Cells. Butterworth &
Co. (Publishers), Ltd., London.
684
	
THE JOURNAL OF CELL BIOLOGY • VOLUME 48, 1971 . pages 684-688